Several studies in recent years have already reported good oncologic results with laser microsurgery in the treatment of early glottic carcinoma. We conducted a longitudinal voice evaluation, in patients with early glottic cancer who underwent transoral laser cordectomy, in order to assess the voice quality outcome and its relationship with objective and subjective (voice handicap index questionnaire and GIRBAS scale) means. Twenty-four previously untreated patients underwent transoral laser cordectomy for early glottic cancer. All patients underwent subjective and objective voice assessment according to the multidimensional voice protocol recommended by the European Laryngological Society including acoustic, perceptual and stroboscopic analysis combined to patient self assessment of voice (voice handicap index-VHI). These evaluations were performed before treatment and 6 months after the treatment. Vocal fold healing was complete in all cases by 6 months following surgery. Main voice parameters (subjective and objective) resulted improved at the 6-month control after surgery. In particular, voice handicap index (VHI) and GIRBAS scale resulted reliable for voice assessment and for the postoperative follow-up. In conclusion, VHI, GIRBAS, multidimensional voice program (MDVP) and spectroacoustic parameters showed a close trend in the present study, and this confirms the validity of the voice analysis performed by each tool.
Patients with head and neck cancer often experience complex and frustrating communication problems after treatment, surgery or radiotherapy. Since, nowadays, conservative laryngeal surgery and radiotherapy are reported to allow comparable oncological results for the treatment of early glottic cancer (I), the main target of transoral laser cordectomy should be a preservation ofthe laryngeal function (1) (2) (3) .
In particular, several Authors have recently reported good oncologic and functional results after laser microsurgery in the treatment of early glottic carcinomas (1) (2) (3) (4) . Therefore, as already observed by previous studies, a good voice outcome is now the goal to achieve in the treatment of early glottic cancer (1) (2) (3) (4) . For this reason, we conducted a longitudinal study, on patients affected by early glottic cancer, aiming to evaluate and correlate subjective and objective tools, particularly considering voice handicap index (VHI) and other spectroacustic parameters. The aiml of the present study was to assess whether patients' perception of their own speech disability (collected with VHI) is a simple emotional correlation, or it is linked to surgical treatment, and whether there is a statistical correlation between self-perception of voice (VHI) and objective/instrumental voice evaluation means (Multidimensional voice program, spettrography, laringostroboscopy) routinely used in the clinical follow up of these patients.
MATERIALS AND METHODS
Twenty-four previously untreated patients (median age 66.4 years, range 45-86 years) with early glottic cancer who underwent transoral laser cordectomy between February 2010 and June 2010 were enrolled in this study. Staging was made by means of biopsy carried out by direct laryngoscopy. All lesions were glottic squamous cell carcinomas, and only Tis (carcinoma in situ) and Tl a, at the histopathologic examination, were included in this study. Patients were divided into three groups on the basis of the resection extention according to the European Laryngological Society classification (5): 4 subepithelial cordectomy (type I), 10 subligamentous cordectomy (type II), 10 transmuscolar cordectomy (type III).
Informed consent was obtained from each patient before being included in the study. All the patients underwent subjective and objective voice evaluation preoperatively and at 1 and 6 months after treatment.
The objective evaluation included acoustic analysis, in order to assess mean fundamental frequency, jitter percentage, shimmer percentage, and noise-harmonics ratio (NHR) carried out by the Multidimensional Voice Program (MDVP) advanced software (Kay Elemetrics) with a 4500 external module (CSL, Kay Elemetrics Corp., NJ, USA) while the patients produced the sustained vowel/a! for as long as possible after a maximal inspiration at a comfortable intensity and pitch on a single breath, three times with a mouth-microphone distance of 20 em. The spectrograms obtained with the Kay computerized speech lab was then evaluated according to the Yanagihara classification (6) . The TMF (Maximum Phonation Time) was also evaluated prior and after surgery.
The subjective evaluation of the vocal outcome was performed by the administration of the validated Italian version of Voice Handicap Index (VHI) (7) . The VHI is a questionnaire composed of 30 items, that analyse the functional, emotional and physical aspects of voice, aiming to measure voice problems from the subject's self-perception (8) . The GIRBAS scale was used for the perceptual voice analysis (9); an experienced phonetician and speech therapist scored each patient for informal speech, text reading and sustained vowels.
The laryngeal videostroboscopic examination was conducted using rigid or fiber optic endoscope linked to a Kay stroboscope model (model KAY). In particular, the glottic area was studied in order to observe and record the wound healing process and the glottic function according to a selection of Hirano parameters (presence/absence of mucosal wave, cordal adduction and glottic closure) (10) . All patients were evaluated before treatment and at 6 months after surgery.
Statistical analvsis
The data collected wen: analyzed using descriptive statistic studies by an SPSS application for Windowsbased systems. Level of significance was considered at p < 0.05. Non-parametric tests (Wilcoxon and Mann-Whitney) were used in order to evaluate the data obtained.
RESULTS
Of the 24 patients involved, 23 were male and 1 was female. Ages ranged from 45 to 86; median age was 66.4 years. Twenty-two patients (91.7%) had a history of tobacco consumption and 6 patients (25%) of alcohol consumption.
As shown in Fig. 1, 4 patients (16.6 %) had a subepithelial cordectomy (type I), 10 (41.7%) a subligamentous cordectomy (type II), and 10 (41.7%) a transmuscolar cordectomy (type III). The videostroboscopic examination showed a complete surgical wound healing at 6 months in all 24 patients. When confronting preoperative and postoperative (at 6 months) VHI score (subjective voice perception) with GIRBAS (phoniatric ian voice perception) global score, it is possible to observe that:
-there is always a statistically significant correlation between GIRBAS global score and VHI score;
-considering the single GIRBAS parameters in respect to VHI self perception, strain is slightly noticed by the subject prior to surgery, while roughness is the most perceived. Asthenicity and breathiness are the parameters most noticed by the patient postoperatively.
Confronting the preoperative and the postoperative (at 6 months) VHI score and GIRBAS score, with the acoustic parameters (MDVP), it is possible to notice that (Table I) :
-Fundamental frequency of voice (FO), jitter, shimmer and NHR (noise to harmonic ratio) are always statistically correlated to VHI preoperatively;
-VHI is statistically significatively correlated only to jitter following surgery; the relation between VHI and jitter percentage allow to explain the patients' sensitivity to roughness parameter at GIRBAS evaluation for the relationship between this parameter and short term perturbation of FO (jitter percentage).
-GIRBAS score is always (preoperatively and postoperatively) statistically significantly correlated to shimmer and NHR, and to jitter only at the 6 th month postoperatively. So voice handicap index (VHI) appears to be always sensitive to jitter percentage, while GIRBAS is well correlated to NHR and shimmer percentage.
It is also interesting to observe that VHI and global GIRBAS score are statistically correlated to spectrogram type according to Yanagihara preoperatively and at 6 months (Table II) ; in both cases there is a strong correlation between GIRBAS global score and spectrogram type. •. Correlation is significant at the. 05 level (2-tailed) . ··Correlation is significant at the .01 level (2-tailed) .
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Within the studied group, the progression of the VHI score constantly improves over time especially when considering type I and II cordectomies (Fig.  2) , (as well as the GIRBAS global score, for all cordectomy types). Also some spettroacoustic parameters, NHR and shimmer percentage are constantly improved at the 6-month evaluation.
We noticed that MPT (maximum phonation time) has a trend related to VHI, as the higher the score of VHI, the lower the MPT. Moreover the MPT is related to some GIRBAS parameters, such as asthenicity and breathiness (the lower the MPT the higher are asthenicity and breathiness).
We also analysed statistically the correlation between GIRBAS global score, VHI score and presence of mucosal wave at the videostroboscopic examination. As shown in Fig. 3 , the VHI score improves when the mucosal wave is present, while it is not influenced by glottic closure and by the type of cordal adduction as expected, due to the poor influence of NHR on VHI. In the same way, at the same time GIRBAS global score improves the mucosal wave recovers.
DISCUSSION
Post-treatment voice quality is becoming a very important parameter in choosing between treatment modalities.
Detailed analyses comparing the performance of commonly used rating scales for voice analysis after treatment have already been performed. Several Authors agree that all parameters of the GIRBAS system and VHI score have a sufficient level of reliability in clinical practice to rate different grades of dysphonia (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) .
The data obtained from our group are similar to those recently presented by Chu and co-workers (22) . We also carried out evaluations at 1 month after surgery. Since in the literature (22) it has been shown that the best assessment of the postoperative results can be obtained at the 6 th month, we considered as results of this study the data obtained at the 6 th month evaluations. In the present study, we have also included specific correlations between subjective and objective tools.
In our opinion, the evaluation of both VHI and GIRBAS score resulted necessary in order to obtain a complete investigation of the pre-surgery voice quality and outcome. VHI is particularly useful to evaluate the voice self-assessment ability of the patient before surgery, thus sensibilizing the patient to the influence of the pathology on his voice quality. VHI and GIRBAS score should be always considered when evaluating a patient's quality of voice pre-and post-operatively as they are strictly correlated and necessary in voice assessment.
The strong correlation between VHI and the presence/absence of cordal vibration after surgery depends on the amount of tissue removed, as the greater loss of chordal tissue seems to be related to a greater degree of dysphonia (11) , and by the type of neocordal tissue; the absence of vibration or the presence of an insufficient wave is related to the onset of voice asthenicity and clearly also influences TMF (both these parameters have an high influence on VHI score).
We also noticed that the kind of glottic closure is not weighted by the GIRBAS, as it does not significantly affect the communication quality according to the patients (VHI).
Therefore, from the analysis of the data obtained in the present study it is possible to conclude that: VHI, GIRBAS, MDVP and spectroacoustic parameters have a close trend; this confirms the validity of the voice analysis performed by each tool;
GIRBAS and spectrogram type are greatly related, as NHR highly influences both;
The partial difference between VHI and electroacoustic parameters can be explained by the fact that the latter consider the voice physical qualities and do not define a person's ability to communicate his satisfaction level. Thus, the constant use ofVHI, and its relationship to GIRBAS (even if the two evaluate very different parameters, selfperception vs perceptual analysis) is very helpful for a correct definition of the real quality of voice in patients affected by glottic cancer and subsequently treated with transorallaser cordectomy.
In conclusion, from the analysis of our data it is possible to observe that the use ofVHI allows patients to communicate the perception oftheir voice quality, and that is strongly influenced by several features such as the emotional status, the type of treatment, and the healing processes established after surgery.
